INTRODUCTION
Skeleton is a basic support of poultry. It provides support to the body, movement and an important Ca storage for the formation of the eggshell during the low dietary Ca supply in layer hens (Kover et al., 2004) . Leg problems have very high incidence in the poultry sector and cause economic and welfare problems (Cook, 2000) . Leg problems are expected to reduce production and they can affect the osteoporosis, lameness, bone fracture, walking ability, and reduce access to feed and water (Angel, 2007; Nääs et al., 2009; Webster, 2004) . Because of these problems, it is important to diminish the leg problems in poultry.
Leg problems may occur in the pre and post hatch period. Incubation conditions have a significant effect on bone characteristics and leg problems of poultry (Groves & Murin, 2014; Oviedo-Randon et al., 2009; Van der Pol et al., 2014) . Bone mineralization and development begin during embryo development, so it is possible for skeletal disorders to develop when the embryo is developing in the egg (Torres & Korver, 2018) . Growth of long bones is through endochondral ossification in the embryo (Van der Eerden et al., 2003) . The deposition of minerals to the different egg compartments is very important for optimal embryonic Femur Properties of Embryo in the Layer Hybrid and Pure Breeds development because minerals are vital for the development of the skeletal systems (Oviedo-Randon et al., 2009) . Zn is an important element to support the development of bone (Sahraei et al., 2012) .
Genetic selection and improvements in management and nutrition have led to dramatic increases in potential for growth and egg production in laying hens (Kover et al., 2004) . Embryos of current hybrids have a high metabolic rate (Tona et al., 2004) . Laying hens are typically the most sensitive type of poultry to perturbations in Ca metabolism and subsequently skeletal disease. Many of the production expectations placed on modern poultry put the bird at risk for diseases of the skeletal system (Kover et al., 2004) . In view of the foregoing, we hypothesized that genetic selection may affect the bone structure, mineral composition and mechanical properties during the embryonic period. Therefore, this study sheds light on femur differences in pure breed (Denizli & Gerze, local Turkish breeds) and layer hybrid (Lohman White) during incubation.
MATERIALS AND METHODS
This study was approved by Ankara University Animal Care and Use Committee (2015/5/101). A total of 354 hatching eggs were collected from 3 different layer breeder genotypes (Denizli, Gerze & Lohman White) at 29 weeks of age on the same day. All eggs were numbered and incubated for 18 days at 37.7ºC, 53% RH (Çimuka Incubator, Ankara, Turkey). On day 18, all eggs were transferred to the hatcher (Çimuka Incubator, Ankara, Turkey) at 37.5ºC and 70% RH (Onbaşılar et. al., 2017) . Twelve eggs from each genotype were selected on the beginning E19 and E21. The eggs were opened, and embryos were sacrificed by cervical dislocation. Both femur were dissected from each embryo. The femur was cleaned of all soft tissues. The bones were weighed. Femur length was measured from the Trochanter major to Condylus lateralis and the width at the medial diaphysis (Alfanso- Torres et al., 2009 ). And they were stored at -20 ºC for further analyses.
Dry matter and ash in the femur were determined according to the AOAC (2000). Mineral levels (Zn, Cu, Mn, Fe, Na, K, Ca and Mg) from femur samples were analyzed using an ICP-OES (Perkin Elmer Optima™ DV 2100 Model, Dual View, Perkin Elmer Life and Analytical Sciences, Shelton, CT, USA) (Boss et al., 2004) . Femurs were subjected to the three point bending tests until failure occurred, tests were performed on Instron 5944 testing frame (Instron, Norwood, MA, USA). Loading rate was 5 mm/min. Spon lenght (L) was 10 mm for femurs. Load was applied the mid point of the shaft. Load vs displacement data was collected for each sample. Stiffness values were calculated from the slope of linear region of the load displacement curves. Ultimate load and displacement at ultimate load were determined from the load displacement curves as well. Yield load is the load which permanent deformation of the system begins. Displacement at yield load is the displacement at which permanent deformation begins.
Statistical analysis
Data were tested for distribution normality and homogeneity of variance. Two-way ANOVA was used to determine the differences between genotype and period. Tukey test was used when a significant difference was found among groups for posthoc multiple comparisons with SPSS for Windows (IBM Corp, 2013) . Statistical significance was taken as p≤0.05 (Dawson & Trapp, 2001) . Table 1 , 2 and 3. Statistically significant genotype effects on the weight and mechanical properties of the femur in the incubation period weren't observed. However length (p<0.001) and width (p<0.01) of the femur in embryos were affected by the genotype. Length and width of femur were 20.52 and 1.55 mm, 18.81 and 1.38 mm, 17.68 and 1.38 mm for LW, Denizli & Gerze embryos, respectively.
RESULTS

Femur properties of embryos are shown in
Embryonic age had influence on weight, length, width and mechanical properties except for displacement at ultimate load. Weight, length and width of femur increased with embryonic growth. Weight was 0.17 and 0.21g, length was 18.32 and 19.68 mm, width was 1.32 and 1.54 mm, stiffness was 4.27 and 9.51N/mm, yield load was 2.57 and 4.49 N, displacement at yield load was 0.53 and 0.38 mm and ultimate load was 3.55 and 6.09 N in the E19 and E21, respectively.
Only Zn level in the femur was affected by the genotype and the highest Zn level was found in the femur of LW embryos. Zn level was 390.46, 314.75 and 337.16 mg/kg DM in LW, Denizli and Gerze embryos, respectively. All examined minerals in the femur increased with embryonic age. Genotype and embryonic age interaction was found in the Cu and Zn levels of the femur. Means within a column with different superscript letters differ. NS: Non significant.
*Comparisons between genotype and embryonic age groups based on a two way ANOVA.
DISCUSSION
The development of the skeletal system and its properties at the embryonic growth are important for the production period. Femur of LW embryos selected for high egg production were longer and wider than that of pure breeds' embryos when examined both embryonic days. This result showed that genetic selection for layers has led to increases in femur length and width in the embryonic development. Femur of LW may be more fragile because the bone weight does not change despite the increase in bone length and width during the incubation. And this was a disadvantage for LW at hatch and at a later period.
The bone expands and extends under the compressive loads. Stiffness is the resistance of an elastic body to deform. Elastic deformation is reversible and the bone returns to its original shape when the load is removed (Forester-Zhang & Bishop, 2017) . Stiffness and ultimate load were highest in the embryos of LW but these values are not statistically significant. And this showed that femur of LW embryos was more fragile under compression than the pure breeds. This is a negative situation for hybrid welfare. Sevil-Kilimci & Kara (2013) reported that bones with higher stiffness values are considered more fragile, even though the breaking points are similar, because the amount of deformation is less.
Weight, length, stiffness, ultimate load and yield load of femur bones in embryos increased (p<0.01) and displacement at yield load was decreased (p<0.05) from E19 to E21 due to the embryonic development. One of the key properties of bone strength is growth, because bone mass increases with growth (Frost, 1997) . There are limited results on the age-related changes in bone parameters of laying hen embryos. Displacement at ultimate load of bones didn't change from E19 to E21. Genotype and embryonic age interaction was Torres et al. (2009) showed that there weren't found any significant interaction between incubation day and breeder age on weight and length of femur. They also reported that weight and width of bones in broiler embryos were affected by breeder age.
To maximize egg production, genetic selection may have inadequate structural bone mass, leading to increased bone fragility and thus bone fractures of laying hens during the production period (Budgell & Silversides, 2004) . Embryos supply the mineral from the shell, albumen and yolk of egg during the incubation period. During the embryonic development, skeletal structure forms the basis. Strong skeletal development in the embryonic period affects the welfare and production of laying hens during the posthatch period. Especially, mineral composition of bone is important. Each examined mineral has a different role in the development of the embryo. Bone Zn will concentrate in the osteoid layer before calcification corresponding to the most intense of alkaline phosphatase (Humont, 1961) . Cu deficiency inhibits bone growth and supports the characteristic of osteoporosis. Defects and fragility increase in bones and cartilages occurs as a result of Cu deficiency (Bridges and Moffitt, 1990) . Skeletal abnormalities are found in animals lacking Mn, including chondrodystrophy in chick embryos (Beatile & Avenell, 1992) . In our study ash, Cu, Fe, Mn, Na, Ca, P, Mg, K in the femur of embryos were not affected by the genotype. Only Zn level in the femur of examined embryos was different (p<0.01). Kidd et al. (1992) showed an increase in the tibia weight when breeders were fed organic Zn. Therefore, their result indicated that Zn was linked to long bone weight. A component of carbonic anhydrase, Zn plays regulatory roles in bone development (Kidd et al., 1992; Kienholz et al., 1964) . And this increase may lead to length and weight of femur in the embryonic development. Rayan et al. (2010) reported that the percentage of Ca in tibia bone wasn't significantly affected by strain, breeder age and their interaction. In femur bones, the ash content was highest in LW embryos but this was not statistically significant.
Ash and mineral contents increased considerably from E19 to E21 in all examined embryos. However, the increase in Ca and P levels was lower than in other minerals from E19 to E21. Similarly, Yair et al. (2012) showed that increased mineral contents with embryonic development. Genotype and embryonic age interaction was important only regarding Cu and Zn levels of femur. This interaction was the source of Means within a column with different superscript letters differ. NS: Non significant. * Comparisons between genotype and embryonic age groups based on a two way ANOVA.
